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ABSTRACT 
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TREATING SLUDGES RESULTING FROM THE OILY WASTE TREATMENT PROCESS 



Michael Allen Jackson 
19 February 1990 

Professor in Charge: Dr. Floyd W. Preston 



Purpose 

The U. S. Navy Petroleum Office (NAVPETOFF) is evaluating 
petroleum sludge disposal techniques that will conform to future, 
more stringent environmental regulations. This project will be 
conducted for NAVPETOFF to provide a list of current technologies 
and those promising technologies that offer a possible solution to 
the Navy's future hydrocarbon sludge disposal problems. 



Procedure 



Electronic data base searches, interviews with personnel 
currently using promising disposal techniques, reviews of current 
Federal Environmental Protection Regulations and California 
Hazardous Waste Control Laws, communications with manufacturers and 
personnel involved in hazardous waste remediation teclinologies , as 
well as manual literature searches v;ere conducted to identify those 
technologies that offer the most promise to the Navy's future 
sludge disposal problems. The review concentrated on those 
technologies that have been or are being evaluated by the 
Environmental Protection Agency under current hazardous waste 
cleanup programs. The technologies were evaluated on their ability 
to successfully dispose of hydrocarbon sludges or the hazardous 
components of the sludges. Attempts were made to obtain as much 
information on those technologies considered promising, such as; 
manufacturer of technology, costs, test verification of technology, 
general description of procedure, and results. 



Conclusions 

Current technologies are available, or are under development 
that can successfully dispose of Navy fuel facility oily wastes. 
Future costs of disposal using new technologi*-js , or by existing 
methods, can be expected to increase due to the impact of more 
stringent environmental regulations. Waste minimization practices 
in operations can reduce waste quantities. Analyses of future 
disposal options should include factors such as: elevated future 
costs, liability that current disposal methods or new technologies 



places on the government in the future, level of detoxification of 
the disposal method, and the impact of hazardous. was te disposal on 
current and future fuel facility operations. Future analyses and 
decisions based on the analyses will require an accurate estimate 
of hazardous waste generated at havy Fuel Facilities, this 
information is not currently available. 



Recommendations 



The Navy v;hile continuing the current method of disposal, due 
to its lower costs and availability, should evaluate future 
disposal options based on long-term payback. Environmental 
agencies at both the state and federal level, and research 
facilities such as the Naval Civil Engineering Laboratory should be 
continually queried on new hazardous waste disposal technologies 
and their suitability for use on wastes at Navy fuel facilities. 
Site tests on those technologies that show promise should be 
encouraged . 

Information concerning hazardous waste disposed of by Navy 
Fuel Facilities should be collected via addition of the reguirment 
on existing annual reports. 
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I. 



INTRODUCTION 



I-A. Purpose of Project 

This project involves a review and analysis of recently 
published literature on the technologies currently available or 
under development for the disposal of sludges v;hich result from the 
oily waste treatment process. This project responds to a 
suggestion by the Navy Petroleum Office for a search of literature 
on this particular subject. Information from this project will be 
used as a means of identifying techniques that may warrant further 
study in order to determine potential future oily waste sludge 
disposal methods. 

I-B. Nature of Reviews 

Each piece of literature reviewed was evaluated based on the 
following questions; 

- Is the literature current^ i.e. within three years? If so, 
the technology probably has probably been initiated as a result of 
the more recent changes in the environmental regulations. 

- Is the technology described applicable to the particular 
types of sludges found in the Navy's oily waste treatment process? 

Has the technology been evaluated in actual field 
conditions by a state^ or federal environmental regulatory body? 

- Does the technology offer an ultimate disposal option, or 
if not, what further processing is required to dispose of the waste 
streams generated? 

- What are the advantages, or disadvantages of the technology? 
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- Where are sources of information that may be useful to the 



Navy or other personnel interested in new hazardous waste disposal? 
I-C. Study approach 

I-C-1. Methods of literature and information search employed 

The methods, v;hich provided literature addressing the above 
questions, fall into five categories. These categories are 
summarized below in decreasing order of the volume of references 
produced . 

I-C-l-a. Index searches 

Indexes such as Applied Science & Technology Index, The 
Environmental Index, General Science Index, and Environment 
Abstracts Annual were manually searched by subject category and 
keywords to obtain literature meaningful to the study. Abstracts 
from the indexes provided a means to preview and sort out numerous 
pieces of irrelevant information. A listing of common periodicals 
was developed from the various indexes. Each of the periodical 
issues from the past three years was manually reviewed to uncover 
relevant literature. Each piece of literature discovered as 
relevant to the study was reviewed for further references. Each 
piece of retained literature was evaluated to determine if it 
ansv/ered the questions of section I-B. 



I-C-l-b. Interviews 

Interviews were conducted both on location and via telephone. 
Navy fuel personnel. Navy technical personnel, federal and state 
regulators and industry representatives v/ere contacted in order to 
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establish current disposal methods, standard operating procedures 



environmental regulations, or locate more information on a 
technology. During interviev/s ;/ith each of the personnel I 
continually asked for their assistance in identifying further 
relevant information, or other points of contact. Literature and 
information provided by this means was evaluated on its ability to 
answer the questions of section I-B. 

I-C-l-c. Electronic data base searches 

A keyword search of the Alternative Treatment Technology 
Information Center (ATTIC) database was conducted for me by a 
Superfund Innovative Technology Evaluation (SITE) coordinator. The 
SITE coordinator v;as available via a (800) phone number provided by 
the Environmental Protection Agency's (EPA) Region VII office in 
Kansas City. The ATTIC system developed by the U.S. EPA is 
currently composed of six databases, the most important of which is 
the ATTIC Database (Dorris, 1989). This database contains 
technical information on alternative technologies for hazardous 
V7aste remediation in the form of abstracts from the SITE Program 
( Dorris , 1989 ) . 

At the beginning of the project I conducted a keyv/ord search 
on the ABI Inform database at Watson Library on the campus of the 
University of Kansas. The ABI Inform database is composed of five 
years of published articles in abstract form from numerous 
magazines, journals, and newspapers. The database proved to be a 
good starting point and provided numerous abstracts concerning 
Hazardous Waste Technologies. Literature provided as a result of 
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the electronic database searches was evaluated based on the answers 
to questions of section I-B. 

I-C-l-d, Previous work on oily wastes in the Navy 

Previous works on oily waste treatment and sludge handling 
were of particular importance to the review. Of special value was 
a recent thesis on bioremediation as a treatment source for 
petroleum wastes (Lubbers^ 1989). Numerous potential candidates of 
information were obtained from bibliographic data generated by this 
work. Discussions v/ith its author enabled me to sort out data not 
relevant to the study. Another valuable source of information on 
the Navy's oily wastes was the Naval Civil Engineering Laboratory 
(NCEL) in Port Hueneme, California. NCEL's v/ork on oily waste was 
initially discovered by Hr. Norm Schmokel, of the Navy Petroleum 
Office, who forwarded a copy of NAVFAC P-916 for review. Contact 
with NCEL proved very rewarding as it was discovered that numerous 
studies had been performed on the inventories and classification of 
the oily sludges at Navy Fuel Terminals. Ms. Leslie A. Karr, co- 
author of NAVFAC P-916, v/as very helpful in providing numerous 
documents on her studies of the Navy's oily wastes. 

I-C-l-e. Questionnaires/Written requests for information 

Questionnaires v/ere prepared and forwarded to Director's of 
three of the Navy's major Fuel Terminals located on the west coast. 
Correspondence with the terminals was recommended at the onset of 
the study by the Navy Petroleum Office in order to understand the 
problems currently being experienced in the field ( E . V/ . Pinion, 
personal communication, Jan. 11, 1990). The questionnaires were 
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f orv/arded to obtain information concerning procedures currently 
being used in the disposal of oily waste sludges, future plans for 
disposal of sludges, and to quantify the amount of oily waste 
sludges handled at these particular locations. 

I-C-2. Scope of literature on promising technologies for treating 
sludges 

There are numerous publications and articles describing new 
technologies for hazardous waste disposal. A single keyv/ord search 
using "waste technology" produced 88 candidate articles published 
since 1986. The ATTIC database contained information from over 900 
technical documents and reports on alternative treatment methods 
for hazardous v/aste disposal, while the National Technical 
Information Service (NTIS) listed 116 published articles in one of 
their "packaged" database searches for "hazardous waste disposal". 
I-C-3. Published literature 

In order to reduce the information to what I considered the 
most relevant sources of data for this report, the following 
criteria were placed on published literature discovered by the 
searches described above. 

Articles and information published since 1986 were 
weighted higher in determining relevancy. 

Exceptions made to this criterion were articles or 
information from environmental regulatory bodies (federal and state 
EPA's) which referenced technologies in proven field tests on oily 
waste (EPA, 1986), or v/here a published v;ork proved to offer 
significant background information on the specific oily wastes 
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being studied ("User's Guide", 1985). 

- The document must report a technology that had either been 
field demonstrated with favorable results, or that was selected for 
testing as part of a state, or federal "Emerging Technology 
Program" . 

The technology had to have been tested on oily waste 

sludges . 

These limits served two important purposes: 

- First, the most significant hazardous waste disposal 
regulations v;ere imposed by the Hazardous and Solid Waste 
Amendments (HSVIA) of 1984. Congressional deadlines imposed on EPA 
and those regulated under the regulations effectively reduced and 
continue to reduce disposal options (01schewsky& Hegna, 1988). As 
standards imposed became more stringent and more disposal options 
were included in hazardous waste guidelines, incentives fostered 
the development of hazardous waste treatment technologies. In 1986 
EPA instituted the Emerging Technology Program as part of the SITE 
Program to foster further developments and to evaluate hazardous 
waste treatment technologies (Bates, Herrmann, and Banning, 1989). 
I have concentrated on the technologies in these programs, as I 
feel they offer the most promise. Disposal technologies being 
evaluated in the programs are being subjected to a standardized 
testing procedure by EPA, whose approval v;ill almost certainly lead 
to successful licensing and certification of the particular 
technology. • In the Emerging Technology Program, EPA has provided 
at least partial funding to technologies in the developmental phase 
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(Bates et al., 1989). I felt this represented a sign of confidence 
in the particular technology by the regulatory body, and felt it 
deserved consideration as a viable disposal technology. 

Second, the limits allov/ed me to focus on those 
technologies specifically applicable to petroleum sludges 
comparable to those existing at Navy fuel facilities. By doing 
this I minimized the chances of reviewing a technique that was not 
pertinent, thus saving countless hours of unnecessary reviev;s of 
of irrelevant data. 

When these conditions were imposed on the candidate 
literature, the number of documents considered pertinent v/as 
significantly reduced. These documents serve as the foundation of 



this study. 



II. BACKGROUND 



II-A. Sources of Oily Waste Sludges at Navy Fuel Terminals 

Navy fuel facilities handle a number of refined petroleum 
products ranging from in rare cases heavier bunker fuels to the 
more common products: marine diesel^ jet fuels and gasolines. The 
facilities accumulate oily waste sludges in all stages of the 
distribution process which include issuing and receiving products 
to and from its military customers, or receipt operations via 
pipeline, marine tankers or barges. Ten generic sludges produced 
at naval installations were identified and characterized by the 
Naval Civil Engineering Laboratory ("User's Guide", 1985). The 
source of sludges included; 

- gravity separator bottoms 

- gravity separator interface 

- dissolved aeration flotators 

- oil recovery units 

- oil sumps 

- dewatering processes 

- wastev/ater impoundments 

- American Petroleum Institute (API) and coalescer 
separators 

• waste transportation vessels 

- fuel tanks 

The sludges produced within each source were found to have 
"distinct and characteristic physical, chemical, and toxicological 
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properties, irrespective of their geographical origin” (’’User's 
Guide”, 1985). For the purpose of this study, the Navy Fuel 
Terminals Vfere divided into two general categories based upon 
facilities and source streams of oily waste sludges: 

- Facilities without waste water treatment plants 

- Facilities with waste water treatment plants 

The categorization of the fuel facilities in this manner only 
serves to recognize those facilities v;ith additional oily waste 
treatment capabilities. Terminals in either category produces 
varying quantities of oily waste from basically the same sources. 
These oily wastes are processed at the terminals into usable 
products, oily wastev/ater streams, and of particular concern to 
this study, oily sludges. An estimated annual production of oily 
waste sludges at Navy installations was determined in a report 
prepared for NCEL in 1984 ( deMonsabe rt , 1984). Information from 
this study appears in Table 1. 

II-A-1. Oily waste sludges from facilities without waste water 
treatment plants 

In general, most of the fuel terminals operated by the Navy 
throughout the world are included in this group. Figure 1 shows 
the equipment involved in this process as v/ell as the sources of 
fuel requiring treatment. Equipment at each location generally 
includes oil sumps, gravity separators, API separators, with the 
v;ater either discharged into the environment or sewer lines. In 
the course of this study and based upon my experience in the field 
I do not know of a fuel facility able to discharge directly into a 
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Figure 1. Operation diagram (Facilities v/ithout vvaste water treatment plants) 
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municipal sev/age treatment system. The primary reasons for this 

are location of facilities, or lack of treatment capacity of the 

municipal sewage treatment facility serving the area. Due to these 

reasons most facilities operate under National Pollutant Discharge 

Elimination System (NPDES) permits v/hich set limits on the 

pollutants of effluent directly discharged into environmental 

v/aters. The permit is a legally enforceable agreement betv/een the 

regulatory agency (EPA/State) and the direct dischargers on the 

quality of effluent released into receiving waters ("NPDES Self- 

Honitoring System", 1985). The water quality of the effluent prior 

to discharge into environmental v/aters is another major concern for 

fuel facilities. The effluent disposal v;as considered as being 

separate from the sludge treatment and not within the context of 

this study. Oily waste sludges generated within facilities v/ithout 

waste water treatment plants were considered primary treatment 

sludges ("User's Guide", 1985). These sludges are mainly due to 

separation by gravity of the contaminants in oil sumps, oily waste 

tanks, gravity separators, and API separators. A characterization 

of the primary treatment sludges is found in Table 2. 

II-A-2. Oily waste sludges from facilities with waste water 
treatment plants 

Only three of the Navy's larger fuel terminals in the 
continental United States have oily v/aste water treatment plants. 
Equipment typically used in this process (Figure 2) include oily 
sumps, gravity separators, API separators, oil recovery units 
(cookers), aeration, floe, and dissolved aeration flotator (DAF) 
tanks, as well as sand and carbon column filters. Sludges 
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accumulated at the facilities are from products of primary 
treatment (gravity separation), secondary treatment processes 
(filtration, chemical addition), and sludges from the "coolcers" 
used in the reclamation process. Secondary treatment sludges 
evaluated by NCEL were those produced in DAF, API, oil recovery 
units, and coalescer separators ("User's Guide”, 1985). The 
secondary treatment sludges evaluated by NCEL were "reduced in free 
oil, and toxic substances contents as the result of the removal of 
sludges in the primary treatment units" ("User's Guide", 1985). 
Table 2 summarizes the characteristics of oily sludges accumulated 
from the secondary treatment process. 

II-A-3. General characterization of Navy oily sludges 

A study of 120 Navy-generated oily sludges from ten of the 
most prominent installations treating oily wastewaters was 
conducted by Lysyj and Karr in 1984 and found: 

"All oily sludge samples contained toxic chemical 
substances . " 

- "All oily sludge samples exhibited toxic properties" 
(toxicity determination was made by the Becl^man Instruments 
Microtox Toxicity Analyzer). 

- "The principal contributors to sludge toxicity are PAH, 
phenols, and heavy metals." (Polynuclear aromatic 

hydrocarbons (PAH) - a class of organic compounds that are 
usually characterized by the presence of tv/o or more fused 
aromatic rings. Some of these compounds have been identified 
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as carcinogens . ) 

- ’’High concentrations of free oil and PAH were found in 
sludges from primary treatment units; lower concentrations 
v/ere found in sludges from secondary treatment units.” 

- ’’Oily sludges from primary treatment units are generally 
more toxic than oily sludge from secondary treatment units.” 

- ’’The concentration of PAH is directly proportional to the 
concentration of free oil.” 

- ’’The concentration of phenols was directly proportional to 
the concentration of dissolved oil.” 

II-B. Current oily waste disposal practices 

In order to determine the current disposal methods being used 
at the Navy fuel terminals I forwarded questionnaires to the three 
west coast terminal directors^ and personally corresponded v;ith the 
assistant fuel officer, LCDR Ken Bitter at NSC Norfolk (personal 
communication, 1 March 1990). Each of the facilities used outside 
contractors to dispose of oily waste sludges. The waste was 
analyzed in all cases prior to disposal in order to ensure that 
hazardous wastes v;ere properly identified for disposal. The use of 
outside contractors by the Navy for waste disposal was also cited 
as the main disposal method in a previous study for NCEL 
( deMonsabert , 1984 ) 
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Table 1. Oily Sludge Production of Naval Installations 





Volume of Water 
Processed 


— ......... 

Annual Volume (gal) 
Oily Sludge 
Produced 


Facility 


GPD' 
(000 ' s) 


GPY" 
(000 ' s ) 


Est Based 
on Re- 
ported 
Averages 
(000's) 


Est 

Based on 
Manchest 
er Case 
(000's) 


Fuel Depot, 

Craney Island, VA 


100 


25,000 


250 


625 


NSC, Point Loma, CA 


50 


12,500 


125 


312.5 


NSC Pearl Harbor, 
HI 


40 


10,000 


100 


250 


NAVSTA, Mayport, FL 


35 


8,750 


87.6 


219 


NSC, Manchester, WA 


9 


2,250 


22.6 


56 



GPD - 


gallons 


per 


day 


GPY - 


gallons 


per 


year 



Source: Adapted from deMonsabert (1984) 
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Table 2. Characteristics of Navy Oily Sludges 



1 1 

CHARACTERISTIC 


PRIMARY TREATMENT 


SECONDARY TREATMENT 




SLUDGES 


SLUDGES 


Free oil content 


20% 


2% 


Inorganic solids 


5% 


2% 


Organic solids 


3-5% 


4% 


Dissolved oil 


1% 


1% 


* PAH'S 


6000 ppm 


300 ppm 


Phenols 


500 ppm 


300 ppm 


** Heavy metals 


400 ppm 


150 ppm 



Primary Treatment - sludges from oil sumps, oily waste storage 

tanks, gravity separators 

Secondary Treatment - sludges from DAF , API, and coalescer 
separators 

* Polynuclear Aromatic Hydrocarbons 
** Heavy Metals included Cr, Cu, Pb, Ni, Zn 



Source: Adapted from NAVFAC P-916 (1985) 
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II. -C. Environmental regulation of oily waste disposal 

Minimum standards for hazardous waste disposal are promulgated 
by the Federal EPA. The two principal laws that establish control 
of hazardous waste are the Resource Conservation and Recovery Act 
(RCRA) and the Comprehensive Environmental Response, Compensation 
& Liability Act (CERCLA or Superfund). RCRA, first passed in 1976 
and strengthened by the Hazardous & Solid Waste Amendments (HSV/A) 
of 1984 is "designed to ensure that hazardous chemicals are not 
discarded in such a way as to cause harm to human health or the 
environment” (Hanson, 1989). 

It provides for "cradle to grave" management for those chemicals 
listed in the law as hazardous. Currently there are more than 450 
chemical wastes listed (Hanson, 1989). Specific permits are 
required for facilities treating, storing, or disposing of 
hazardous waste, and the laws provide for a mani f est- trac)cing 
system to ensure wastes are handled properly (Hanson, 1989). 
Superfund, on the other hand, is designed to remedy environmental 
problems from the past. Under this program old hazardous waste 
sites, many abandoned, are currently being cleaned up. The cost of 
cleaning up the sites is assessed to those responsible, if 
liability can be ascertained. If not, the cleanup is paid from 
funds available under Superfund. The funds are the result of taxes 
applied to basic chemicals, and fines collected from those 
responsible of violations under the act. 

The main emphasis of this review will be to review a selected 
number of future technologies and their ability to dispose of oily 
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v/astes within the disposal requirements promulgated under RCRA. 

Federal Regulation by EPA 
Il-C-l-a. Hazardous waste determination 

The initial concern of an activity in waste disposal is to 
determine if its oily v/aste sludge is hazardous. Figures 3 and 4 
(reprinted from CFR Title 40, Part 260 Appendix 1) are flowcharts 
which can assist in this determination. The actual determination 
is not as simple as it appears. In order to determine if the waste 
is hazardous, an activity must first determine if the particular 
v/aste is considered a solid waste. RCRA defines hazardous wastes 
in terms of solid waste. Consequently, if a waste is not a solid 
waste it cannot be a hazardous waste. The solid v/aste definition 
found in CFR Title 40, Part 261, section 2 starts the reader 
v/inding through the various exclusions, and variances provided in 
the regulations. It is easily understood hov7 interpretations of 
this section between the Environmental Regions, and states can 
vary. A thorough understanding and use of the regulations can lead 
to tremendous savings on disposal costs. Rogers (Rogers, 1989) 
described how V/illiams Pipeline Co., Tulsa, Oklahoma successfully 
modified their oily v/aste treatment process to avoid classifying 
tank bottom material as a solid waste. If the waste is considered 
a solid waste, it must be further evaluated to determine if it is 
a hazardous waste. It can be considered a hazardous waste by its 
appearance on one of four lists provided in CFR Title 40 CFR 261, 
section 3, by the inherent characteristics of the v/aste, or by 
being a mixture containing a hazardous waste. The four lists are 
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broken down into v/aste from nonspecific sources ("F” list), v/aste 
from specific sources ("K” list), acutely to:-:ic waste list) 

and toxic waste ("T** waste) (Olschewsky, tiegna, 1983)." The general 
characteristics which may also lead to classification of the waste 
as hazardous are; 

- Iqnitable , basically if the material has a flashpoint 
less than 140 degrees fahrenheit, it is ignitable and assigned 
a hazard code ( I ) . 

■ Corrosive , if the waste has a pH less than 2 or greater 
than 12.5, or if the v/aste corrodes stainless steel at a 
certain rate; it is corrosive and assigned a hazard code (C). 
' Reactive , if it is unstable and produces toxic materials, or 
is a cyanide or sulfide bearing waste which generates toxic 
gases or fumes. If it meets one of the criteria it is 
reactive and assigned a hazard code (R). 

- EP Toxic , if the waste is tested for the characteristics of 
EP Toxicity and fails by exceeding the maximum concentration 
of contaminants, or other listed tests it is assigned a hazard 
code of { E ) . 

In a discussion with Mr. V/heeler, EPA Region VII, he stated that 
toxicity levels will be based on 25 organic constituents beginning 
in May 1990, an increase from the current level of eight (personal 
communication, 16 Feb. 1990). 

For the purposes of this review and based upon the prior study 
of Navy oily v/aste sludges (Lyzyj St Karr, 1984) v/astes will be 
considered hazardous in order to evaluate technologies capable of 
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Figure 3 



DEFINITION OF A SOLID WASTE 
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Adapted from CFR Title 40* Part 260* App. 1 
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Figure 4 



DEFINITION OF A HAZARDOUS WASTE 




Adapted from CFR Title 40, Part 260, App. 1 
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disposal. In reality each "batch" of sludge is evaluated and 
disposed of based upon the results of the analysis. The 
determination of a sludge being hazardous is not a simple process 
due to the complexity of the regulations. The analysis and 
appropriate disposition of each batch of v;aste could save the Navy 
significantly over periods of time. Commercial companies use 
various means to keep their sludges from being labelled, hazardous. 
The Williams Pipe Line company's approach to sludge disposal 
(Rogers, 1989) is an example. I visited the Williams Pipeline 
Company facility in Kansas City, KS , and discussed the operations 
and the Rogers' article v/ith the Manager of Process Technology, Mr. 
David Young. The Kansas City facility processes sludges 
transported from the 8,500 mile pipeline system; products handled 
include gasoline, jet fuel, fuel oil, and crude oil (Rogers, 1989). 
The company separates usable products from the sludges using a 
filter press; the effluent water is discharged to the City of 
Kansas City's sewage system and filter cake residue is disposed in 
a local landfill (Rogers, 1989). The filter cakes have been tested 
and certified nonhazardous by EPA standards (Rogers, 1989). Mr. 
Young mentioned that RCRA changes were pending that would increase 
the number of constituents listed as toxic, v;hich may cause them to 
modify the existing operation. 

II-C-l“b. Disposal limitations imposed by RCRA 

The Hazardous and Solid V/aste Amendments signed into lav; on 
Nov. 8, 1984 included many "hammer lav;s" which forced EPA to 
promulgate regulations within a certain timeframe (Olschewsky El 
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Ilegna, 1988). If regulations were not [: romu Iqated the law went 
into effect as written by Congress. Th’e law.s, as written, showed 
a strong bias against land disposal of hazardous waste. "Hammer 
previsions" concerning oily waste disposal which are now part of 
the laws are; 

- As of May 5, 1985 bulk or non-containerized liquids were no 
longer allowed to be disposed of in landfills (CFR Title 40 
Part 264, section 314). 

- Effective Nov. 3, 1985 all liquids were banned from disposal 
in landfills, unless the operators and owners certified it as 
the only alternative and that the liquids would not 
contaminate any source of underground drinking water (CFR 
Title 40, Part 264, section 314). 

- Effective Nov. 8, 1986 certain spent halogenated and non- 
halogenated solvents v;ere banned from land disposal < CFR Title 
40, Part 268, section 30). 

- Effective July 8, 1987 the "California list wastes" were 
banned from land disposal. This included liquid hazardous 
v;astes with a pH less or equal to 2.0, liquid hazardous waste 
containing polychlorinated biphenyls (PCBs), or liquid 
hazardous v;aste halogenated organic compounds \HOCs) 
containing in total concentration greater than or equal to 
1,000 mg/1 and less than 10,000 mg/1 HOCs (CFR Title 40, Part 
268 , section 32 ) . 

The above cited regulations are but a few of the many imposed on 
the land disposal of hazardous v;astes. An option for the producer 



of hazardous waste determined to dispose of material via land 
disposal is to pretreat the v/aste initially rendering it 
nonhazardous . In any event, the limitations imposed by RCRA will 
prohibit certain waste from disposal by this method. 

Incineration, the second largest means of sludge disposal is 
also expected to be effected by changes to the emissions standards 
for carbon monoxide and metals (Goldbaum, Rotman, Tantillo, 1989). 
The standards v/ould set tougher emissions standards and require 
permitting of industrial boilers, currently used by an estimated 
1000 facilities to burn their hazardous wastes (Goldbaum, et al., 
1989). Though considered tough the proposed regulations are 
relatively easy compared to other forms of disposal, such as land 
application. A Black & Veatch study (cited in Morse, 1989) of 
proposed regulations by various disposal options indicated eight 
contaminants in the sludges would be required to be monitored if 
wastes v;ere incinerated, whereas regulations proposed for land 
application v/ould require monitoring of over 20 contaminants 
(Morse, 1989). 

RCRA regulations were imposed to promote environmentally sound 
disposal methods, maximize reuse of recoverable resources and 
foster resource conservation. Regulations imposed will not only 
increase the number of contaminants considered hazardous, but v/ill 
limit existing disposal possibilities thereby effectively 
increasing the cost of disposing of hazardous v/aste. 

II-C-2. RCRA and State administered environmental programs 

RCRA was designed by Congress to be administered by the states 
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v/ith only minimal oversight by the Federal Government. In order to 
obtain responsibility for the Subtitle C program the States must 
develop a hazardous v/aste program and have it approved by EPA 
(Environmental Protection Agency [EPA], 1986). The states were 
given tv/o options for assuming responsibility, either an interim or 
final authorization (EPA, 1986). The interim authorization allov/s 
the state to develop and implement a hazardous waste program, but 
the program is not considered as stringent as the Federal program. 
The final authorization signifies the state program is at least as 
stringent as the Federal enacted one (EPA, 1986). Of particular 
concern to the Navy are those states v/here hazardous waste laws are 
more stringent than EPA's. California is one of the states of 
primary concern to the Navy, because of the location of tv/o major 
fuel terminals. The facilities operating in California must abide 
by the hazardous waste laws of the state, as well as the local 
governments . 
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III. NEW TECHNOLOGIES TO MEET FUTURE HAZARDOUS WASTE DISPOSAL 
REQUIREMENTS 

III-A. -Impetus for new treatment and disposal technologies 

The regulations imposed by Superfund and RCRA have generated 
increased interest in nev; technologies for hazardous waste 
treatment and disposal. Ov/ners of waste sites faced with site 
cleanups are interested in cheaper and long term remedies for their 
hazardous waste problems. Entrepreneurs realize the opportunity 
and economic benefits of a tested commercial treatment process. 
Entrepreneurs, as well as the government realize that despite waste 
minimization efforts such as, recycling and process modification, 
waste volumes v/ill continue to grow, Freedonia Group, a consulting 
firm in Cleveland, completed an in depth study of the future 
prospects for the v;aste industry. It concluded the industry will 
be a $20 billion service and product business in 1993 (Hansen, et 
al). Grov/th estimates from this study are provided in Table 3. An 
important catalyst in the evolution toward nev; innovative 
technologies has been EPA's Superfund Innovative Technology 
Evaluation program (SITE) (Rubin, Kemezis, and Kosov/atz, 1989). 
Congress understood that few technologies were tested and available 
to meet the demand of the new regulations. The SITE program, 
initiated in 1986, was a v;ay to get responsible contractors and 
corporations to venture into research for innovative technologies 
to solve this problems. EPA's participation in the program was 
seen as a v;ay to accelerate the development of the technologies. 
The SITE Program basically consists of two separate programs: the 

Demonstration Program, and the Emerging Technologies Program. 
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Table 3. 



Waste volume will grow despite reduction efforts 



Average 
Annual growth 



Millions of tons 


1977 


1988 


1993 


2000 


1977-88 


1988-93 


TOTAL BY TYPE 


131 


291 


380 


510 


7 . 5% 


5 . 5"^ 


OF WASTE 
Heavy Metals 


51 


114 


149 


196 


7 . 6 


5 . 5 


Organic 

chemicals 


42 


100 


132 


180 


8. 2 


5 . 7 


Petroleum 
1 Derived 


16 


33 


44 


60 


6 . 8 


5 . 9 


Inorganic 

chemicals 


17 


35 


43 


55 


6 . 8 


4 . 2 


Other 

Hazardous 


5 


9 


13 


19 


5. 5 


7 . 6 


Waste 

BY METHOD OF 
DISPOSAL 

LANDFILL/ 

SURFACE 


12 


200 


225 


165 


29. 1 


2 . 4 


IMPOUNDMENT 

STABILIZATION 


2 


13 


50 


150 


18. 5 


30. 9 


/TREATMENT 

INCINERATION 


neg 


15 


35 


95 


^ ^ ^ 


13. 5 


RESOURCE 

RECOVERY 


2 


12 


30 


75 


1 

17.7 • 


20. 1 


DEEP WELL 
INJECTION 


5 


14 


15 


10 


9. 8 


1 . 4 


ILLEGAL 

DISPOSAL 


110 


35 


20 


5 


-9. 9 


-10.6 


OTHER 


neg 


2 


5 


10 





20. 1 








1 

...J 


I..., - J 


1; 





neg= negligible 



Adapted from Freedonia Group (Hansen, 1989) 



26 



Figure 5 



COMMERCIALIZATiON 




CONCEPTUALIZATION 

Development of Alternative and Innovotive Technologies 

Adapted from the Environmental Protection Agency (EPA, 1989) 

'igure 5, shows the interrelationship betv/een the two programs. 

?he Demonstration Program places emphasis on technologies which 
lave been developed. Successful field demonstrations of these 
technologies is expected to lead to commercialization (Bates, et 
il., 1989). As of November 1989 the Demonstration Program had 37 
ictive participants, divided into five categories: thermal, 

'iological, chemical, physical, and solidification/stabilization 
EPA, 1989). The second program, the Emerging Technology Program, 
.akes technologies that have been successfully ’'bench-or 
.aboratory-scale " tested by the private sector and encourages 
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urther development. The goal is to ensure an availability of 
ermanent, cost-effective technologies for demonstration in the 
ield (Bates, et al., 1989), Financial assistance is available up 

0 $150,000 per year for up to two years (Bates, et al., 1989). 
here have been 24 (+E03 selectees) participants selected under 
our solicitations as of 5 January 1990. 

The SITE program has been responsible for accelerating the 
leanup of Superfund sites and increasing the participation of the 
rivate sector in developing technologies, but many participants 
fid observers say the driving force has been the RCRA "land ban" 
lies (Rubin, et al., 1989). Since 1986, EPA has banned the land 
isposal of hundreds of toxic substances without pre treatment . The 
imitations placed on land disposal and the addition of 
Dnstituents to the hazardous waste lists are generally considered 
le real impetus behind the increasing interests in new treatment 
id disposal technologies. Future environmental regulations can be 
<pected to be more stringent and place further limitations on 
Isposal options. The increasing amount of hazardous wastes, fewer 
ications to store or treat them, and liability questions are a few 
: the concerns of the generators of the hazardous v/aste. 
Jchnologies, such as those under development in the SITE program 
:fer possible solutions to future treatment and disposal problems. 

1 

EI-B. Selection methodology for Technologies 

Numerous technologies are being evaluated under the SITE 
rogram. For the purposes of this paper, technologies selected as 
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"promising" were those that had been successfully tested on oily 
\;aste sludges with similar characteristics. Table 2, identified 
characteristics of oily waste sludges found in Navy fuel terminals.- 
A source used to determine the suitability of using a technology on 
oily waste sludges was the "Technology Screening Guide for 
Treatment of CERCLA Soils and Sludges" (EPA, 1988). The "Guide" 
provides a screening methodology for evaluating alternative 
treatment technologies at Superfund sites (EPA, 1988). The "V/aste 
Technology Matrix: Sludges" from the guide located in Appendix A 

was consulted for applicability of particular technologies to waste 
sludges. Technologies selected as "promising" were divided into 
four general categories: biological^ physical and chemical, 

solidification/ stabi lization , and thermal. Discussion of each 
selected technology will address the following areas: 

1. Description and Operation of the Technology 

2. Advantages/Disadvantages 

3. Information on pr ior/scheduled testing 

4. Cost data (if available) 
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IV. INNOVATIVE TECHNOLOGIES FOR OILY WASTE DISPOSAL 



IV-A. Biological Treatment Technologies 

Biological treatment processes, such as landfarming, for 
degradation of petroleum sludges have been used by refiners since 
the 1950's. The Navy has also used "sludge farming" to dispose of 
sludges resulting from various operations, such as tank cleaning. 
The disposal of organic wastes by landfarming in environmentally 
modified facilities was lauded as late as 1989 (Wimberley, 1989). 
It should be of no surprise that new technologies are looking at 
microorganisms and their ability to degrade wastes. 
Bioremediation, the use of bacteria, fungi, and other natural 
organisms to break down organic waste has been used as the basis of 
a number of innovative technologies (Rubin et al., 1989). 
Proponents of the process stress its lower costs, compared to 
technologies such as incineration, and its ability to provide 
permanent solutions when disposing of waste. Characteristics which 
must be considered prior to selecting bioremediation as a hazardous 
waste disposal option are provided in Table 4. 

There are two major classes of biological treatment. The 
classes are, aerobic (with oxygen), and anaerobic (without oxygen). 
In aerobic treatment, microorganisms take in oxygen and organic 
molecules and release carbon dioxide, water, ammonia, nitrate, and 
sulfate. High dissolved oxygen concentrations and large 
microorganism populations lead to rapid degradation. Anaerobic 
treatments take place in the absence of oxygen. Common products of 
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anaerobic treatment are methane, hydrogen sulfide, organic acids, 
and carbon dioxide. Anaerobic processes may also produce 
unpleasant odors. Aerobic degradation technologies are more common 
than anaerobic, better understood and more easily cultured (Potter 
et al. , 1986 ) . 

Biological treatment technologies though still not used as a 
primary remedy for hazardous waste site cleanup are beginning to 
gain greater acceptance by EPA and other regulatory bodies. EPA 
recently approved a bioremediation technology demonstrated by ENSR 
and Celgene corporations for a petrochemical sludge site. This was 
the first time EPA had approved bioremediation for a Superfund site 
(Vervalin, 1989), California, noted for its tough environmental 
regulations, announced the successful completion of the state's 
first approved bioremediation project (Vervalin, 1989). The 
project, a service station site involving a 1,CCC gallon gasoline 
spill, was successfully remediated over a one year period. 
Biodegradation technologies currently being tested, which may offer 
potential oily waste sludge disposal options, fall into two general 
categories: slurry-phase, and solid-phase treatments. Two 
technologies selected to participate in the SITE program, though 
currently not demonstrated will be discussed, 

IV-A-1. Slurry-Phase Treatment 

IV-A-l-a. Description and operation of the technology 

This technology treats soils or sludges in a large • mobile 
bioreactor. The system maintains intimate mixing and contact of 
the microorganisms with the hazardous compounds, promoting 
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TABLE 4. TECHNOLOGY SU111IARY 



V/ASTE TYPE: Soils and Sludges 
TECHNOLOGY: Biodegradation 



Characteristics 
Impacting Process 
Feasibility 


Reason for 

Potential 

Impact 


Data 

Collection 

Requirements 


Variable \/aste 
composition 


Inconsistent 
biodegradation caused 
by variation in 
biological activity. 


V/as te 

composition 


V/ater solubility 


Contaminants with lov/ 
solubility are harder to 
biodegrade. 


Solubility 


Biodegradability 


Lo^ 7 biodegradability 
inhibits process. 




Temperature outside 
15 - 70 C range 


Larger, more diverse 
microbial population 
present in this range. 


Temperature 

monitoring 


Nutrient deficiency 


Lack of adequate 
nutrients for biological 
activity (although 
nutrient supplements may 
be added ) . 


C/N/P 

Ratio 


Oxygen deficiency 


Lack of oxygen is rate 
limiting. 


Oxygen 

monitoring 


Moisture content 


A moisture content of 
greater than 79% affects 
bacterial activity and 
availability of oxygen. 

A moisture content below 
40% severely inhibits 
bacterial activity. 




pH outside 
4.5 - 8.5 range 


Inhibition of biological 
activity 


Sludge pH 
testing 



Adapted 'from the Envirohm'ental Pfotectioh Agency (EPA, 1988) 



TABLE 4 continued. 



Characteristics 
Impacting Process 
Feasibility 

Microbial 

population 



Presence of 
elevated levels of: 
Heavy Metals 
Highly 

chlorinated organics 
Inorganic salts 



Reason for 

Potential 

Impact 

If indigenous 
microorganisms not 
present, cultured 
strains can be added. 

Can be highly toxic 
to microorganisms 



Data 

Collection 

Requirements 

Culture test 



Analysis for 
priority 
po 1 lutant 



Adap ted 'Tro'm" the" Environmental Protecti^^ Agency (EPA, 1988) 

favorable environmental conditions which allows the maximum level 
of degradation of contaminants (EPA, 1988). The initial step in 
the process is to create a slurry of the sludges being treated. 
The slurry is produced by adding available water, which may be 
contaminated. Stones and other rubble are removed from the slurry 
during this process. A typical slurry contains about 50®; solids by 
weight; a slurried sludge may contain less. The actual solid 
content is based on laboratory results based on the concentration 
of contaminants, rate of biodegradation, and physical nature of the 
waste. The slurry is mechanically agitated in a reactor vessel to 
keep the solids suspended in order to maintain favorable 
environmental conditions. Inorganic and organic nutrients, oxygen 
and acid or alkali for pH control may need to be added to achieve 



the best results. Initial seeding of the bioreactor v;ith 
microorganisms may be required, or additional organisms may need to 
be added to correct biomass concentration. The treatment time may 
be one month or more depending on the type of contaminants, their 
concentrations, and the temperature in the tanks. Several firms 
market slurry-phase biological treatment systems, Figure 6 is a 
system marketed by HoTec, Incorporated. 

IV-A-l-b. Ad vantages /disadvantages 

Advantages : 

1. Provides complete detruction of contaminants. 

2. Remediation systems can be designed to pretreat wastes 
contaminated with heavy metals, semi-volatile, and 
volatile compounds. 

Figure 6, Slurry-phase biodegradation 



To Atmosphere To Atmosphere To Atmosphere 




Adapted from the Environmental Protection Agency (EPA, 1988) 
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3. Soil washing and extraction of metals using v/eak acids 
and chelating agents can be combined with biological 
treatment by combining two separate slurry-phase reactors 
(EPA, 1988) 

4. Availability of technology from a number of different 
firms . 

Disadvantages 

1. Performance not verified on site. 

2. Regulatory bodies have not generally accepted the 
technology as a preferred treatment process. 

3. Heavy metals and chlorides may inhibit optimal bioreactor 
functioning due to their toxicity. 

4. Residual water used in treatment may require further 
treatment prior to disposal. 

IV-A-l-c. Demonstration/Field Tests results 

The HoTec unit has been reportedly tested on liquids, sludges, 
and soils with high organic concentrations (EPA, 1988). A proposed 
SITE demonstration project for this unit, is scheduled to be tested 
in April 1990. 

IV-A-l-d. Cost data 

Cost data provided by Mr. Ron Lewis, EPA Project Manager 
(personal communication, April 17, 1990) estimated $130 - $170 per 
ton of waste. 

IV-A-2. Solid-Phase Treatment 

IV-A-2-a. Description and operation of the technology 

Solid-phase soil bioremediation is a process that treats soils 
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in an above ground system using conventional soil management 
practices which enhances the microbial degradation of contaminants 
(SPA, 1988). The treatment bed is equipped with a synthetic liner, 
covered by a sand bed which prevents contamination of the 
surrounding soil and groundwater, see figure 1 . A perforated 
drainage pipe serves to collect contaminated soil leachate from the 
treatment bed, Tlie leachate can then be transported to an on-site 
bioreactor which treats the leachate, which can later be use-1 as 
source of microbial inocula and a distribution medium for nutrients 
needed to enhance biodegradation. An overhead spray irrigation 
system provides for moisture control and application of nutrients 
via the leachate. 

Figure 7. Solid phase biodegradation 
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Adapted from the Environmental Protection Agency (EPA, 1983 i 
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If volatile contaminants are to be contained, the entire bed 
is enclosed in a modified plastic film greenhouse. The greenhouse 
contains an air management system which collect Volatile Organic 
Compounds (VOC's) which may be released from the soil during the 
treatment. Biodegradable VOC's can be treated in a vapor phase 
bioreactor, and non-biodegradable VOC's may be removed from the 
effluent gas stream by adsorption on activated carbon or 
incineration . 

IV-A-2-b . Ad vantages /Disadvantages 
Advantages : 

1. Full system, with vapor / leachate bioreactors offers 
permanent disposal option for contaminants. 



2. Lov;er costs are reported for ultimate disposal compared to 
other conventional methods. 

3. Technology is available from a number of different firms. 
Disadvantages ; 

1. The technology has received limited testing in order to 
verify its capabilities. 

2. Regulatory agencies have not generally accepted 

bioremediation as a preferred treatment process. 
IV-A-2-C. Demonstration/Fleld Tests results 

The technology has been used by various manufacturers on 
different wastes. A system manufactured by the MoTec Inc. 
reportedly treated oil field and refinery sludges (EPA, 1988). 
Another company, Ecova Inc., used their solid-phase system at a 
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Seattle, VJa. site contaminated by diesel fuel. The treatment 
process reduced the hydrocarbon level acceptable for treatment on- 
site and disposal at a landfill (Rubin et al., 1989). 

IV-A-2-d. Cost info 

Cost information on the solid-phase biodegradation system v?as 
limited to the Ecova Corporation's treatment of the site 
contaminated in Seattle, V/a.. The treatment reportedly reduced the 
cost of ultimate disposal from $200 to $50 per ton (Rubin et al . , 
1989 ) . 

IV-B. Physical and Chemical Treatment Technologies 

The physical and chemical treatment technologies v;ere combined 
due to their close association and frequent use together in the 
v;aste treatment process. Physical treatment processes separate the 
v;aste streams by either applying physical force, or changing the 
physical form of the waste. Commonly used physical processes are 
centrifugation, clarification, filtration, mechanical pressing, and 
sedimentation. Separation and drying accomplished in the physical 
treatment process reduces the volume of material for ultimate 
disposal. Combining chemical treatment processes v/ith the physical 
processes enables one to further dry residual materials, make them 
less toxic, or to in some cases remove more harmful contaminants. 
This ideally will reduce ultimate disposal costs, as you are able 
to dispose of the less toxic wastes by cheaper disposal methods, 
such as landfilling. The general treatment technology for oily 
waste sludges is chemical extraction. Characteristics which 
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should be considered prior to using chemical extraction processes 
are provided in Table 5. Chemical extraction processes are used to 
separate contaminated sludges and soils into their respective phase 
fractions: organics, water, and particulate solids. A number of 

processes use this basic technology. The following technologies 
represent variations of chemical extraction processes by different 
companies being evaluated in the SITE program: 

- Solvent Extraction 

- Carver -Greenfield Process for Extraction of Oily Wastes 

- Solvent Extraction (BEST) 

Two other technologies categorized in the physical /chemical 
treatments were also reviewed. One of the technologies (in the 
SITE program) involved the decontamination by micro f i Itration . The 
final technology reviewed was one found in the literature and is 
not currently being evaluated by EPA. The process is a steam 
gasification process. Both processes may offer promise as future 
technologies, based on further substantiation of performance. 

IV-B-1. Solvent Extraction 

IV-B-l-a. Description and Operation of the Technology 

This solvent extraction technology developed by the CF Systems 
Corporation (Figure 8) uses liquefied gas solvent to extract 
organics (such as hydrocarbons), oil, and grease from wastev;ater or 
contaminated sludges and soils. Carbon dioxide is used in 
processes involving aqueous solutions, while propane or butane is 
used for extractions involving soils, sediments, or sludges. 
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